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Cumulative frequency plot depicts the increasing probability of sustaining a fatal injury as vertical impact velocity increases for the WI-60 and UH- The site of injury is distant from the area of application and is due to the body's inertial response to the acceleration.
An example of acceleration injury is rupture of the aorta in a high sink rate crash.
Here the application of force occurs through the individual's thighs, buttocks, and back where he is in contact with the seat.
The injury itself is due to shearing forces generated from the aorta's and heart's inertial response to the resulting upward acceleration of the body.
A contact injury, on the other hand, occurs when a localized portion of the body comes into contact with a surface in such a manner that injury occurs at the site of contact ("the secondary collision").
Relative motion between the body part and the contacting surface is required.
An example of this type of injury is a depressed skull fracture resulting from the head striking a bulkhead or other rigid object.
A mixed form of injury also may occur when acceleration generated by a localized contact produces injury at a site distant from the point of contact as well as at the point of contact. A localized head injury with contrecoup brain injury is the classic example of this mixed form of injury.
Distinction
is made between these various mechanisms of injury since prevention necessarily involves different strategies.
The prevention of acceleration injury requires the attenuation of loads in a crash so that excessive loads are not transmitted to an occupant. Typically this is achieved through the use of energy absorbing landing gear, crushable under floor structure and energy absorbing seats.
Prevention of contact injury requires the implementation of strategies that will prevent body contact with potentially injurious objects. This may be achieved through body restraint systems, ruggedized airframe designs to prevent intrusion of structure or high mass components into occupied areas, and removal of or 88delethalizationn of objects within the potential strike zone of occupants. Prevention of environmental injury involves a host of strategies tailored to the particular environmental hazard of interest. Certainly, in this category, the most significant hazard is postcrash fire.
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Crashworthiness can be defined as the ability of an aircraft and its internal systems and components to protect occupants from injury in the event of a crash.
The precise relationship between a particular helicopter design and crash injury is complex and engineering solutions may be quite intricate.
However, the basic principles of crashworthiness design are quite straightforward, even intuitive.
These principles may be summarized by the acronym VREEP" as follows: -
C-Container R-Restraint E-Energy absorption E-Environment (local) P-Postcrash factors
The container is the occupiable portion of the helicopter --the cockpit and cabin.
It should possess sufficient strength to prevent intrusion of structure into occupied spaces during a survivable crash, thus maintaining a protective shell around all occupants.
Since structural collapse causing severe contact injury is one of the most frequent injury hazards encountered in helicopter crashes, this point cannot be overemphasized ( Figure  I ) l The container must also be designed to prevent penetration of external objects into occupied spaces.
Another consideration The main disadvantage of this energy management system is that it is heavily dependent on having extended landing gear. Retractable gear helicopters should rely less on the gear and place more capability in the structure, although automatic emergency gear extension systems may prove to be effective. In mounting energy absorbing landing gear, it is important to do so in such a manner that the gear do not disrupt important structure or protrude into occupied areas after their energy absorbing capability has been expended.
Energy absorbing seats have been extremely effective in preventing acceleration injury in crashes with predominately vertical force vectors ( Figure 5) .
Numerous designs now are available through a number of manufacturers.
Experience with these seats in crashes has produced several lessons.
First, it is essential that seats have adequate tie-down strength so that they are not dislodged by crash forces.
Second, designs that provide multiaxis stroking have not been as effective as those providing pure vertical stoking (Melvin and Alem, 1985). The increased head and torso strike zone tends to be far more disadvantageous than the minimal reduction in lateral and longitudinal accelerations The difference is based on differences in age and general health, and, therefore tolerance to impact, between the military and civilian populations.
Finally, it is imperative that adequate stroke distance be provided to preclude llbottoming out" of the seat on structure since this situation results in extremely high acceleration spikes.
As a point of interest, at least one manufacturer provides seats which have a variable-load energy absorber so that the seat may be adjusted to accommodate different weight occupants.
This feature has considerable potential advantage where the weights of occupants vary significantly.
Local environment
In designing an aircraft interior, it is extremely important to consider the local environment of the occupants at all potential seating locations (Figure 6) . A person's local environment refers to the space that any portion of his body may occupy during dynamic crash conditions. Any object within that space .!may be considered an injury hazard (Figures 7 and 8) .
As an Iexample, the cyclic and collective controls can pose a signifi-.cant injury hazard to pilots during a crash, particularly when the visor on the flight helmet is not worn in the down position. The volume of that space will vary depending on the type re-:straint system anticipated and, to a lesser extent, on the ;:anthropometry of the expected occupants.
The maximum head strike i.distance is reduced by about 50 percent when upper torso restraint is utilized. Clearly, the primary concern must be for hazards within the strike zone of the head and upper torso, but objects within the strike zone of the extremities also should be considered.
It is important to evaluate the local environment of occupants during the design phase of an aircraft since many potentially hazardous objects-may be placed outside of the strike zone if they are early recognized as hazards.
In many cases placing hazardous objects outside of the strike zone is no more expensive 11 or difficult than placing them within the strike zone. It is simply a matter of recognizing the hazard. Potentially injurious objects that cannot be relocated can be designed to be less hazardous, padded, or made frangible.
Postcrash factors
Numerous aircraft accident victims survive the crash only to succumb to a postcrash hazard.
These hazards include fire, fumes, fuel, .oil, and water.
Both civil and military crash experience has sadly shown that the most serious hazard to survival in helicopter crashes is fire. The design challenge is to provide for the escape of occupants after the crash under a host of 13 adverse conditions. The approach may be either to control or eliminate the hazard at the source, to provide for more rapid egress, or a combination of both.
In the case of postcrash fire, controlling the hazard at the source has proven to be an extremely effective strategy for helicopters (Figure 9) The second most serious injury hazard in helicopter crashes is contact injury.
Since these injuries are due to a variety of mechanisms, the solution to the problem is considerably less straightforward than in the previous example. Probably the most important factor to consider in modifying existing helicopters is occupant restraint (Figure 10 ). Seats and restraint systems should, as an absolute minimum, meet the retention standards specified in the current Federal Aviation Regulations Part 27 (Department of Transportation, 1992). In most helicopters, it would be advisable to increase these standards by a factor of 1.5-2.0.
Cockpit seats should be equipped with five-point restraint harnesses and all passenger seats should have four-or five-point harnesses.
Lap belt only restraint should be considered inadequate.
Potentially hazardous internal items such as a fire extinguisher and first-aid kits also should be adequately restrained and moved from potential strike zones or padded. There is no rational justification for using lesser standards for internal object retention than those applied to occupant retention. As with most advancements in safety, significant advancements in crashworthiness are not likely to be made unless required by regulation.
Of almost equal importance in preventing contact injury in
The challenge for regulators is to establish realistic crashworthiness standards that will be effective yet not cost prohibitive.
For instance, it would be unreasonable to impose the complete U.S. Army crashworthy standards on civil helicopters of less than 10,000 pounds gross weight (Shanahan and Shanahan, 1989a and 1989b).
Nevertheless, certain portions of the Army standards would be beneficial for all helicopters. The challenge to design engineers is to implement the standards through designs that minimize costs while maximizing effectiveness.
Appropriate standards can only be established and revised through a program of detailed accident investigation where.injury causation is investigated and documented as thoroughly as accident causation. This is a glaring deficiency of most agencies charged with the investigation of aircraft crashes today, and it explains why few accident data bases contain sufficient information upon which to develop realistic crashworthy standards. This is a problem that needs to be addressed by users, manufacturers, industry organizations, investigation agencies, and regulators alike.
The bottom line is that crashworthiness works. What is lacking is commitment and the allocation of necessary resources.
If the true cost to society of injury incurred in helicopter crashes were assessed it would clearly show that a long term commitment to crash survivability would, in fact, be cost effective.
